INTRODUCTION
During the last 30 years many partial or complete models of rumen digestion have been proposed (for review see Sauvant and Ramangasoavina, 1991) . The first complete model generally cited is that of Baldwin et al (1987) even though other models had already been proposed, namely that of Black et al (1980) , which were capable of describing the principle phenomena of rumen digestion in a globally satisfactory manner. Danfaer (1990) and Dijkstra (1993) have published the most recent models. However these models can be considered incomplete with regard to present knowledge concerning the rumen, and considering the need to develop equations for rumen digestion in order to assess rations and to define diets in relation to expected responses. For example, the phenomenon of digestive interactions, which is partially integrated in the evaluation of dietary energy values, is not taken into account. In addition, the influence of the level of ingestion on ruminal digestive parameters was considered only by Dijkstra (1993) . Moreover, the stoichiometric relationships for the production of volatile fatty acids, used by many authors, are those proposed by Murphy et al (1982) , while Rulquin et al, 1993 ) have already suggested that ruminant feeding should take into account the supply of certain essential amino acids, notably lysine and methionine, while the group of O'Connor also suggested the use of branched-chain amino acids. We propose a model which will contribute to progress by quantitative integration of new information in mechanistic models for the rumen, namely for the prediction of duodenal amino-acid flux and the proportions of the different volatile fatty acids in the rumen.
METHODS
The present model uses the principle of a mechanistic approach to modelise biological systems (France and Thornley, 1984; Sauvant, 1992) . The reticulo-rumen is treated as a compartmental system fed by flows into and reduced by flows out of the system. The in-flows are linked to ingestion for the substrates and to the processes of degradation for the microorganisms. The out-flows are linked to the phenomena of degradation and absorption for the substrates and transit for the substrates and microorganisms. The model describes the reticulo-rumen by a number of differential, dynamic and determinist equations. For this purpose, the variation in the quantity of a substance in a compartment during an interval of time is equal to the sum of the related fluxes entering minus the fluxes leaving the compartment. The model therefore contains as many differential equations as there are compartments. The mathematical expressions of flux are established in the simplest possible manner. In particular, we have tried to use linear functions for the quantities of substances in the compartments, to try and avoid the phenomena of instability or chaotic evolution, which can appear in non-linear models (Dahan-Dalmedico et al, 1992) . With The model has been developed with the use of the Dynamo language (Pugh, 1983) and for some aspects ACSL-SimuSolv (MGA, 1991 With Dynamo the method of numerical integration was that of Euler with each time step lasting 1 h and a length of simulation of 6 d. The values retained were those of the 6th day, since it seems to be the optimal time interval necessary for the daily fluxes not to depend on the initial conditions and for the model to achieve dynamic equilibrium. The method of Gear (Steiner et al, 1990) (RV, I; Remond, 1988 (van Soest, 1982 ).
In addition, the level of soluble sugars and starch was also taken into account.
The carbohydrates and proteins in the feedstuffs were broken down into different groups using their chemical characteristics and their degradation profiles estimated by in sacco measurements (Orskov and MacDonald, 1979 (Tamminga et al, 1990; Sauvant et al, 1994 (Chen et al, 1987) (Chalupa, 1976; Rooke et al, 1984; Crooker ef al, 1986; Varvikko, 1986; Susmel et al, 1989) (Lescoat and Sauvant, 1994;  Dijkstra (1993 (Kristensen and Weisbjerg, 1991;  Hvelplund, 1990) (FtVFA!, .0.9((dFMl/dt + dAMl/cffl/162)e6 (in moles of carbon). Asumptions of 90% organic matter in the microorganisms and a microorganism 'molecular weight' of 162 g, equal to that of a mole of carbohydrate were made. For the bVFA, capture is supposed to be total since the microorganisms seem to be unable to synthesise the branched-chain carbon skeletons (Andries et al, 1987 (Sauvant, 1992b (Isaacson et al, 1975; Demeyer and van Nevel, 1986) . The costs of microbial dry matter synthesis (Church, 1988, 
Presentation of the results on amino-acid flux
The results from various publications (Merchen and Satter, 1983; Rooke et al, 1983; Stern et al, 1983 Stern et al, , 1985 Prange et al, 1984; Chamberlain et al, 1986; Titgemeyer et al, 1988; Windschitl and Stern, 1988; Zerbini et al, 1988; MacCarthy et al, 1989; Waltz et al, 1989; Klusmeyer et al, 1990; Aldrich et al, 1993) (INRA, 1988 
DISCUSSION
The mechanistic models published in the last 10 years concerning rumen digestion (France et al, 1982; Baldwin et al, 1987; Danfaer, 1990; Russell etal, 1992; Dijkstra, 1993) , 1992) . Therefore the accuracy of the results provided by the model depends on the nature of the initial data used.
The variations in particle and liquid-phase transit have been largely ignored by published complete models (Black ef al, 1980; Baldwin et al, 1987; Danfaer, 1990 ). These aspects have been considered in a partial ruminal model (Mertens and Ely, 1979) but the influence of factors of variation such as feeding and concentrate level were not integrated. The model proposed by Dijkstra (1993) used multiple regressions from the suggestions of Owens and Goetsch (1986) and has been partly validated by the results of Robinson et al (1986) . The empirical relationships that are used in the present model have been established (Sauvant and Archim6de, 1989 ) on a larger number of results than Owens and Goetsch (1986) . Even though the amplitude of the residual variations of these equations are large, the results from the simple validation that we have performed to study the influence of different combinations of dry matter intake and proportions of concentrate on ruminal digestion and microbial growth efficiency are for the most part satisfactory. These equations have been adapted and used in the Cornell system (Chalupa et al, 1991 ) .
In addition, the results of transit flux appear to correspond with the equation for the prediction of ruminal volume proposed by Rémond, 1988. The microorganisms include many subpopulations which mutually interact (Fonty, 1990; Prins, 1990; Stewart, 1990) . The model proposed groups together present knowledge by only considering fixed and free microorganisms using a distinction frequently used during recent years (Merry and MacAllan, 1983) . The attached microorganisms degrade indiscriminately insoluble, starch and cell-wall carbohydrates. Other rumen models use many sub-groups of microbes. Indeed Baldwin et al (1987) and Dijkstra (1993) (Yang, 1991 ) . In addition the chemical and analytical composition of the microorganisms is assumed to be identical in the 2 populations. This is however not true and many studies have shown that there are differences in composition between the 2 groups. The level of nitrogen used in the model for the microbes is an average taken from the literature but it varies according to the phase studied (Merry and MacAllan, 1983) , the method of isolation (Storm and Orskov, 1983) and time of sampling in relation to the meal (Jouany and Thivend, 1972; Czerkawski, 1976; Yang, 1991 (Le H6naff, 1991; Clark et al, 1992 (1980) , they attempted to take into account the differential efficiencies of the microbial constituents on the basis of biochemical equations proposed by Reichl and Baldwin (1975) . These equations should be recalculated using more recent data. In addition, the efficiencies obtained can depend greatly on the precursor molecule. The values proposed by Church (1988) (Baldwin et al, 1987; Danfaer, 1990; Dijkstra, 1993) . In fact the estimations of this requirement varies within a large range of values (Belaich, 1986; Demeyer and van Nevel, 1986 ). However, it should be borne in mind that most of these available data result from in vitro studies and that their application for in vivo use is problematic. In this context it is justifiable to use the same value of maintenance for attached and free microbes.
Nevertheless, Russell et al (1992) Dijkstra (1993) . In order to take into account the digestive interaction phenomena that does not concern only the cell-wall material (Archimbde, 1992) , it is necessary to first integrate this increase in microbe populations. In addition, the phenomena of competition between the different species should be taken into account by limiting ruminal microorganism colonisation to a maximum which corresponds to a limitation in the size of the possible contact surface between substrate and microbes (Yang, 1991 (1987) and Dijkstra (1993) Murphy etal (1982) , that there is a direct relationship between the production and the concentration of VFA in the rumen. This type of relationship has been rejected by Dijkstra (1993) .
The model of Dijkstra (1993) (Archim6de et al, 1994a, b) .
The model responds correctly to variations in the level of ingestion and to a lesser extent the quantity of concentrate ingested (Robinson et al, 1986) . This positive point is new compared to previous models. An important limit of the model is that it does not take into account nitrogen as a potential limiting factor for microbial proliferation. This choice was made because of the incertitude that exists in the variations of the quantity of nitrogen recycled depending on the diet. This inaccuracy does not limit functioning of the model with diets limited in energy, which is often the case in practice. (O'Connor et al, 1993) . The satisfactory estimation of the lysine and methionine fluxes is in part due to an accurate estimation of microbial growth efficiency, which is close to that proposed by Ramangasoavina and Sauvant (1993) . However, these authors using a larger number of data have shown that the PDI (INRA, 1988) (Rulquin etal, 1993 
